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Sunday, February 16, 2014 183a(DHGG-OHs) were tereoselectively synthesized. Biosynthetic reduction path-
way of geranylgeranyl group was confirmed by comparing the synthetic
DHGG-OHs with DHGG-OHs derived from natural (bacterio)chlorophylls.
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Photoconversion membrane proteins (MPs) are Nature’s nanoengineering feats
for renewable energy management. Harnessing their functions in synthetic sys-
tems could help understand, predict, and ultimately control matter and energy
at the nanoscale. However, the fragile and often labile nature of lipid bilayers
is incompatible with a broad range of engineered conditions. A knowledge gap
exists on how to design robust synthetic nanomembranes as lipid-bilayer-
mimics to support MP functions, and how to direct hierarchical MP reconsti-
tution into those membranes to form 2-D or 3-D ordered proteomembrane ar-
rays. Here we show that proteorhodopsin, a photoconversion MP that uses
light energy to perform proton pumping across its supporting matrix, sponta-
neously reconstitute into a series of amphiphilic block copolymer membranes
via a charge-interaction-directed reconstitution mechanism, even when the
polymer membranes are in an entangled or "frozen" (i.e., glassy) state with
far superior stability than lipid bilayers. Our structural and function assays sug-
gest that proteorhodopsin is not enslaved by fluidic or lipid-based membrane
environment. Rather, well-defined synthetic nanomembranes, with their
tunable membrane moduli, act as allosteric regulators. "Frozen" polymer
membranes with their greatly reduced fluidity and enhanced stability can still
bear sufficient conformational freedom that rivals lipid-based biomembranes
in supporting proteorhodopsin functions. We expect that versatile block copol-
ymer designs exist to balance membrane fluidity and stability at the nanoscale.
This modulates the conformational energetics of reconstituted MPs, and opti-
mizes their stability and performance in synthetic systems.
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Retinal and its anologues are among the most important photoactive molecules
in biology, playing key roles in visual receptors and photosynthesis in bacteria.
Disturbingly, despite considerable experimental and theoretical efforts, no
consensus has been reached concerning the absorption wavelength of the
RPSB in the gas phase and the influence of the molecular conformation on
the absorption spectrum. Here, the isolated retinal protonated n-butylamine
Schiff base (RPSB) is investigated in the gas phase using a combination of
ion mobility spectrometry and laser spectroscopy. The RPSB cations are intro-
duced into an ion mobility mass spectrometer where they are exposed to tune-
able laser radiation over the 410-700 nm range. RPSB ions that absorb laser
radiation undergo photoisomerization, leading to a detectable change in their
speed. By monitoring the photo-isomer signal as a function of laser wavelength
an action spectra is obtained that is directly related to the absorption spectrum
of isolated retinal molecules. The new spectrum should serve as a benchmark
for future electronic structure calculations of the isolated RPSB molecule.
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During the first 24 hours after removal from incubation cultured B16-BL6
mouse melanoma cells displayed reliable increases in ultraweak photon emis-
sion (UPE) of specific wavelengths during discrete time portions of this 24 hour
interval. The application of specific filters demonstrated reliable and clear in-
creases in UPE dependent upon the wavelength being measured. Infrared
(IR: 950 nm) and ultraviolet (UV: 370 nm) filters produced similar and pro-
tracted elevations in UPE that were offset by ~3.5 hours (r=0.85). The IR wave-
length produced UPE elevations 7 hours after removal from the incubator while
the UV wavelength produced comparable increases 3.5 hours after the initial
increase in IR. Wavelengths in the visible spectrum demonstrated increases
in UPE roughly 20þ hours into testing. Precise activators and inhibitors forexact wavelengths were calculated based upon Cosic’s Resonant Recognition
Model (RRM) and produced either enhancement or diminishment of UPE
only at the exact wavelength as predicted by the RRM. Other biochemical treat-
ments predicted for other wavelengths, even those separated by 10 nm, were
less or not effective. This 3.5 hour discrepancy between IR and UV emissions
is consistent with the time frame between signaling molecules to growth and
protein structural factors. This is of interest as signaling molecules are associ-
ated with IR while growth and structural proteins are associated with UV. This
data lends support for a quantitative coupling between the wavelength of UPE
and intrinsic cellular chemistry.
Keywords: Ultraweak photon emissions (UPE) $ Cosic Resonant Recognition
Model $ melanoma cells $ near infrared $ near ultraviolet.
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Mitochondrial depolarizations of membrane potential (DJm) can decrease
electrical excitability of the cardiomyocyte, and ultimately lead to cardiac
arrhythmia. Mitochondrial reactive oxidative species (ROS) induced ROS
release (RIRR), has been shown to be the mechanism behind cell wide mito-
chondrial oscillations of DJm. While the superoxide production/scavenging
system is a key component to this mechanism, the contribution of H2O2 pro-
duction/scavenging to RIRR is unknown. Current mitochondrial models do
not take into account the role of H2O2, which diffuses over a larger distance
than superoxide, in modulating the vulnerability of the network to DJm oscil-
lation. The objective of this study was to characterize the interplay between the
different ROS production/scavenging systems in a model of the mitochondrial
network that reproduces the kinetics and synchronization of DJm depolariza-
tion and repolarization. We hypothesized that accumulation of H2O2, which
can easily diffuse into the mitochondrial matrix and inhibit superoxide scav-
enging, is responsible for increasing the oscillatory vulnerability of the mito-
chondrial network. We employed a 1D model of mitochondrial network
dynamics that includes the RIRR mechanism via the superoxide-sensitive inner
membrane anion channel, and diffusion of superoxide and H2O2 between mito-
chondria. Localized oxidative stress was simulated by increasing superoxide
production. DJm depolarization/repolarization wave patterns of the network,
with and without H2O2 diffusion, were compared. H2O2 diffusion from the
oxidatively-stressed mitochondrion, was found necessary to gradually extend
the oscillatory region to the rest of the network, as observed over time in laser
flash experiments. Thus, H2O2 is the key messenger molecule in bringing the
mitochondrial network into the oscillatory state. The model results suggest that
H2O2 diffusion is an important player in bringing the network close to criti-
cality, both by depleting the antioxidant defenses and by accentuating the inhi-
bition of superoxide scavenging in the matrix.
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Exposure to acute hypoxia may stimulate an increase in intracellular reactive
oxygen species (ROS) formation leading to subsequent muscular injuries.
Hypoxic preconditioning (HPC), which involves cycles of brief exposure to
low and normal oxygen, may alleviate this ROS induced damage. However,
the mechanism of HPC has not been fully elucidated. In this study, we hy-
pothesized that HPC can mitigate intramuscular ROS in mouse skeletal mus-
cle during hypoxia. Mouse diaphragm was isolated and loaded with
dihydrofluorescein (a fluorescent probe) in order to detect ROS production
in real time via confocal microscopy during a hypoxic period. Diaphragm
strips were either non-treated (n ¼ 5), treated with HPC (5 cycles; n ¼ 5),
or subject to antioxidant treatment (ebselen; n ¼ 4), followed by a 30 min
hypoxic exposure (PO2 ¼ 5 Torr). Data were analyzed using a multi-way
ANOVA, and expressed as means 5 SE. In the control, intracellular ROS
levels increased after 20 min of hypoxia, and this increase continued until
the end of the 30 min hypoxic exposure. However, there was no substantial
ROS formation in muscles treated with either HPC or the antioxidant, ebselen.
Our data suggest that HPC suppresses intracellular ROS generation in respi-
ratory skeletal muscle subjected to a hypoxic condition. Thus, we speculate
that HPC can be used as a potential drug-free treatment to prevent oxidative
injuries in respiratory muscle during hypoxia. Supported by OU General Fund
184a Sunday, February 16, 2014G110, and Research Excellence Fund of Biomedical Research, OSU-HRS
Fund 013000.
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Parkinson’s disease is a progressive neurodegenerative disorder caused by the
loss of dopaminergic neurons, but what causes the death of these neurons is
unknown. Although oxidative stress, mitochondrial dysfunction, dopamine
oxidation and microglial inflammation have all been implicated as contributing
factors, a mechanism relating them has been elusive. We have synthesized
3-methyl-5-anilino-1,2-benzoquinone (3-MAQ), a stable structural analogue
of the dopamine oxidation product aminochrome. This compound mediates
rapid O2 reduction in the presence of ascorbic acid. We have also found that
the dopamine oxidation product, 5-S-cysteinyl dopamine, is converted by mye-
loperoxidase to a product having electrochemical properties similar to 3-MAQ.
Both of these compounds also mediate redox cycling in the presence of mito-
chondria and NADH. This redox cycling oxidizes NADH, reduces O2 and
produces superoxide. This does not involve the mitochondrial respiratory
chain, as it is not inhibited by cyanide, rotenone or antimycin. We believe
that it is catalyzed by the outer mitochondrial membrane enzyme cytochrome
b5 reductase, because the rate increases in the presence of cytochrome b5.
Mouse embryonic fibroblasts or SH-SY5Y neuroblastoma cells exposed to
these redox cycling compounds die within 24 hours, as measured by the
MTT reduction assay. We hypothesize, therefore, that compounds formed by
the oxidation of dopamine undergo redox cycling mediated by cytochrome
b5 reductase. The reactive oxygen species generated by this process lead
both to further dopamine oxidation and to oxidative stress ultimately causing
the death of dopaminergic neurons.
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Both extremes of redox balance are known to cause cardiac injury, with
mounting evidence revealing that the injury induced by both oxidative and
reductive stress is oxidative in nature. During reductive stress, when electron
acceptors are expected to be mostly reduced, some redox proteins can donate
electrons to O2 instead, which increases reactive oxygen species (ROS) produc-
tion. However, the high level of reducing equivalents also concomitantly en-
hances ROS scavenging systems involving redox couples such as NADP/
NADPH and GSH/GSSG. Here we have further explored, using isolated intact
and permeabilized cardiac mitochondria and purified NADP-dependent
enyzmes, how reductive stress paradoxically increases net mitochondrial
ROS production despite the concomitant enhancement of ROS scavenging sys-
tems. We show that one of the latter components, thioredoxin reductase 2, is
converted into a potent NADPH oxidase during reductive stress, due to limited
availability of its natural electron acceptor, oxidized thioredoxin. This finding
may explain in part how ROS production during reductive stress overwhelms
ROS scavenging capability, generating the net mitochondrial ROS spillover
causing oxidative injury.
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Amyotrophic lateral sclerosis (ALS) is a fatal neuromuscular disease that in-
volves severe skeletal muscle atrophy. Mitochondria are critically affected in
ALS muscle. To better understand the role of mitochondria in ALS onset
and progression, we generated a double transgenic (dTG) mouse model over-
expressing an ALS mutant (SOD1G93A) and a mitochondrial superoxide
biosensor (mt-cpYFP) that reports dynamic production of superoxide inside
mitochondria termed as "flash signal" (Wang 2008; Fang 2011). We found
that flash signal in muscle changed significantly during the disease progression.Before disease onset, 2-month old dTG mice (ALS) showed an increase in
mitochondrial superoxide production, which was manifested by a marked in-
crease in the ratio of flashing area to cell area (ALS: 2.350.29, n=80, 5
mice; WT: 1.250.18, n=74, 4 mice; P=0.008), while there was no significant
change in the kinetic parameters of the flash signal at this stage. At end stage
(ESALS, 4.5-month old, n=36, 4 mice), there was a drastic decrease in mito-
chondrial superoxide production characterized by a decrease in the ratio of
flashing area to cell area compared to WT (0.6950.11, P<0.05). Remarkably,
the kinetic parameters of the flash signal were significantly slower in ESALS
dGT mice. Compared to WT and early stage ALS, there is an increase in the
rising time (RT) (WT:15.8251.38, ALS:14.6351.2 vs ESALS:23.6252.97,
P=0.008 and 0.001), the half decay time (T50) (WT:9.8151.13,
ALS:11.9351.43 vs ESALS:20.5653.65, P<0.001 and 0.013), and the full
duration at half maximum (FDHM) (WT:16.7651.72, ALS:18.2852.07 vs
ESALS:33.3755.33, P<0.001 and 0.003). Our data demonstrate drastic
changes in muscle mitochondrial metabolic function in the course of ALS.
Ongoing studies aim to explore the cause and the role of this abnormal
mitochondrial function at different ALS stages. Supported by MDA and
NIAMS/NIH.
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Mitochondria are vulnerable to damage, particularly by oxidative stress-
induced injury imposed by many genetic and environmental factors. These mal-
functioning mitochondria have to be eliminated to prevent an increasing gener-
ation of reactive oxygen species (ROS) that could trigger cell injury and death.
This selective elimination of damaged mitochondria is executed via initiation
of a specific type of mitochondrial autophagy - mitophagy. Our previous
work has established that a mitochondria-specific phospholipid, cardiolipin
(CL) - normally asymmetrically distributed between the mitochondrial inner
(IMM) and outer (OMM) membranes - undergoes translocation to the OMM
where it becomes externalized to the mitochondrial surface. This externalized
CL serves as recognition signal for the autophageal machinery leading to the
elimination of these mitochondria. The recognition is achieved through the se-
lective binding of externalized CL with microtubule-associated protein light
chain 3 (LC3). The mechanisms driving CL redistribution/externalization
remain unknown. By using LC-MS analysis of mono-lyso-cardiolipins
(mL-CL) formed by phospholipase A2 exogenously added and impermeable
to mitochondria, we established that treatment of HeLa cells with a protono-
phoric uncoupler, CCCP, triggers mitophagy of depolarized mitochondria
accompanied by CL externalization. We further found that CL externalization
is dependent on an intermembrane space enzyme, nucleoside diphosphate ki-
nase, NDPK-D. The latter, upon interaction with CL, loses its kinase function
and turns into a CL-translocase. CL externalization and mitophagy were stim-
ulated by transfecting HeLa cells with w/type but not mutant R90A NDPK-D,
incapable of CL binding. Identification of NDPK-D as a pro-mitophageal CL
translocase may be used in drug discovery paradigms for regulation of
‘‘mitochondrial health.’’ Supported by NIH U19AIO6802, Fondation pour la
Recherche Me´dicale France (US, DPM20121125557) and Fulbright scholar-
ship program (VEK).
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Background: Beta-adrenergic stimulation increases Ca2þ transients in cardio-
myocytes, demanding elevated ATP generation. This is matched by mitochon-
drial Ca2þ uptake stimulating Krebs cycle dehydrogenases to regenerate
